Analysis of the yield of selected apple varieties in the fi rst years after the planting the orchard. The aim of the paperwork was to analyze the impact of innovative apple orchard cultivation on the yield of selected apple varietes: Galaval, Buckeye Gala, Golden Reinders, Grani and Fuji. The research ware conducted on orchard located in Gutowo Małe, Września county, in the Wielkopolskie province. The orchard was established in May 2016. The area of orchard is 4.0 ha and there are 7,600 annual and biennial apple seedlings. The analyzed apple varieties are used in foreign orchards. Cutting and forming trees is done in a different way, from the way it was done in traditional orchards. The purpose of this is to achieve better conditions of sunlight, which signifi cantly affect the color of the fruit. Good coloring of fruit is one of the factors determining the profi tability of crop. The aim of the study is to assess, the quality and quantity of yield of apple varieties, which have not been grown in Poland yet. The fi rst harvest was recorded in 2017. The early cultivation period was characterized by the lack of irrigation. Atmospheric conditions of the studied area had a signifi cant effect on the yield of apple trees. The considered year 2017 was defi ned as wet with a precipitation of 659 mm higher by 77 mm than the average over multiannual (2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016)(2017), while the temperature was higher by 0.4°C than the average over the period from 2007 to 2017. During the growing season, the sum of precipitation was 346 mm and slightly exceeded the long-term average. After the analysis of the harvest, it was found that the Fuji variety yielded best. Despite the dumping of more than half of the fruits from each tree, in order to improve their quality, the average yield was 15.0 t·ha -1 , in the fi rst year of yielding.
INTRODUCTION
Apples are one of the basic horticultural products, and Poland is an important producer in the World (Kierczyńska 2006) . Therefore, the development of fruit production is rapid, especially in recent years (Kozaczyk et al. 2017 ). In the 2016/2017 season, apple production increased, mainly on the market in China and Chile. In 2017, the total fruit harvest from trees in Poland was between 2.6-2.8 million t, i.e. at the level of 30-35% lower than the production from the previous year (GUS 2017a, b) . Apple yield amounted to only 2.5 million t, which is a decrease of 30% compared to 2016.
The main purpose of fruit farms is to obtain higher and higher yields from a unit of area, as well as a quick return of incurred investment outlays, as soon as possible after planting (Pacholak 1986) . New tools for sustainable production of fruit trees, taking into account climate change in particular, will be needed to achieve such effects (Tworkoski et al. 2016) .
As observed, the meteorological conditions have a special infl uence on the yields obtained. In Wielkopolska, precipitation defi cits are recorded, which signifi cantly reduce the possibility of intensifi cation of production (Pacholak et al. 2005) . At the same time, an increase in the average annual air temperature in Poland was observed, especially in the summer months (Skowera et al. 20014, Ziernicka-Wojtaszek 2016) . In 2017, frost occurred in apple orchards during the fl owering period. It caused large yield losses. Two spring frosts took place. The fi rst in the second decade of April, and another in the end of the fi rst decade of May. Such atmospheric conditions force the creation of the possibility of obtaining high yields with minimal expenditure (Rutkowski and Wojciech 2008) . In order to prevent the yield reduction, the fruit farmers sought solutions used on foreign farms and tried to transfer them to Polish conditions. Innovative ways of constructing orchards are used, such as the prolongation of shoots for the development of the canopy in young orchards in order to best sunshine trees (Wünsche and Laska 2000) . Effectiveness of new ways of cutting and forming trees is checked, the use of such elements as anti-hail netting and irrigation and fertilizing systems, as well as precisely selected sprays. However, their intensive use raises a lot of controversy in terms of environmental impact and health risks (Alavanja et al. 2004 , Ma and Michailidies 2005 , Chambers et al. 2014 ). On foreign farms, the use of natural enemies is tested to reduce pest populations as an alternative to insecticides (Cahenzli et al. 2017) . These solutions are aimed at increasing yields, as well as protecting trees and fruits against diseases and adverse weather conditions. In modern fruit cultivation, rootstock for fruit trees are commonly used. The rootstock Washer control the size of trees are considered economically necessary for the apple orchards of high-density plantings, which are aimed at producing more fruit per hectare (Autio et al. 2000 , Webster and Wertheim 2003 , Tworkoski and Miller 2007 . According to Reig et al. (2018) , in modern production systems, the selection of a suitable rootstock is just as important for the profi tability and success of new planting as the choice of a fruiting variety. Apple varieties previously encountered in the western regions of Europe, the United States and Australia are cultivated more and more often. In Poland, the most popular varieties of apple trees are: Cortland, Golden Delicious, Jonagold, Idared and Szampion. Growing apple trees in the climate of Poland is easy. Apple tree is a light-loving plant and relatively resistant to drought. However, according to Zhang's and Wang's (2017) research the degree of soil drying depends not only on the type of crop in the area, but also on the age of the orchard. Therefore, it is recommended to use an irrigation system to obtain a better yield. However, in Polish conditions, systems are made by growers to reduce costs, which leads to many design errors (Jeznach 2007) . The resistance of apple to low temperatures, especially during fl owering, depends on the variety. However, plants should be protected against frost. Apple has high soil requirements. The best conditions are fertile and humid soils with an alkaline reaction.
In the work, the varieties on which the research was conducted are: Galaval, Buckeye Gala, Golden Parsi, Gra-ny Chelenger and Fuji Heysi. These are, fi rst of all, apple varieties used on foreign farms. The seedlings used are two--year-old trees. In this case, the problem of achieving satisfactory yield can be, as Fallahi (1984) writes, root system of young, newly planted plants, which exhibits relatively small possibilities of taking soil components. Therefore, it was important to determine the appropriate method and dose of fertilizer. However, one should remember about the increase in fertilizer costs and the growing awareness of the impact of pollution on the environment (Haynes and Goh 1980).
The aim of the work was to analyze the infl uence of the apple orchard method used in European Union countries on the yield of selected apple varieties, in the fi rst years after the establishment of the orchard.
MATERIAL AND METHODS
The research was carried out in 2016 and 2017 in the apple orchard. The research object was located in Gutowo Małe, Września county, in the Wielkopolskie Voivodeship.
In the described region, up to a depth of 0.3 m, there are sandy soils, and below there are boulder clays up to a depth of 47.0 m. The object has an underground water intake from the depth of 119 m. This underground water intake provides 50 m 3 ·day -1 of water during the growing season. The soil for planting has a pH level 6.6 for Unit 1 and 6.2 for Units 2 and 3.
Apple orchard, on which the research was carried out, was established in May 2016. Its area is 3.5 ha and is planted with 7,600 two-year-old seedlings. This area is divided into three units. Unit 1 has an area of 0.74 ha and was planted with 2,000 apple trees. In Unit 2 with an area of 1.04 ha, is located 2,750 seedlings. However, Unit 3, whose area is 1.09 ha, is planted with 2,850 apple trees.
The units were set out so that the trees grew at intervals of 1 m, in rows every 4 m. The basic structural element is the scaffolding supporting and stabilizing the trees, which are to reach a height of up to 4 m. Between the trees there is a scaffolding consisting of pillars and steel ropes to support the anti-hail netting. When constructing the orchardňs structure, the fi rst step consists in hammering every 12 trees of fi ve-meter poles, one meter into the ground. Between these poles are placed another 4 m poles on concrete cubes. Then at the ends of the rows, so-called anchors are screwed into the ground to a depth of 1.5 m. A steel rope is developed above the posts, which is attached to posts at the ends of rows. Then, from the end posts, steel rope stays are pulled into the previously screwed anchors. The posts on concrete cubes are needed for subsequent steel ropes that are also mounted across the orchard. Between the posts in the row there are horizontal wires at 60 cm to which the trees are tied (Fig. 1) .
The trees are planted every 1 m in a row, and the distance between the rows is 4 m. Trees are attached to wires, carried out horizontally between poles, using a biodegradation string (Fig. 2) . Ultimately, apple trees are to reach a height of 4 m. Therefore, in order to better il-luminate each fruit, the trees are formed into cones.
The following rules apply to the cutting procedure. The fi rst rule is keeping only one trunk and removing all branches that are thicker from it. Competitive branches are cut, and those left behind, if necessary, are bent down with a string (Fig. 3) . Branches are usually bent in the fi rst years after planting and young branches.
The years 2016 and 2017 were the fi rst since planting the orchard and at that time it was not irrigated. Therefore, the analysis of yield obtained from the discussed orchard can be made only on the basis of meteorological data.
The spraying was carried out from the moment the bud was broken to the end of the harvest, depending on precipitation. The period of the highest risk of scab appearance is April and May. The spraying was carried out immediately after precipitation in the amount of 5 l·m -2 . The amount of precipitation was measured using a rain gauge located in the orchard. Pests against pests were performed on average every 10 days. Mixtures of Delan and Mospilan were used, at a dose of 0.5 kg·ha -1 dissolved in 400 l of water. The used sprayer was Tl 400s Orchard Sprayer.
The apple fertilization was done using Pulan. It was ammonium nitrate (ammonium nitrate 34N), 34% of total nitrogen, 17% of ammoniacal nitrogen, 17% of nitrate nitrogen. The fertilizer dose was 120 kg·ha -1 . The fertilization dates were: 40% before the beginning of the growing season, 40% in the phase of fl owering trees and 20% in the middle of the apple harvest period.
RESULTS
The study analyzed the multi-year 2007--2017. The average temperature from this period was 9.8°C, and the average precipitation was 582 mm. The year 2015 was defi ned as a dry year with a precipitation of 425 mm, and the wet year was 2010 with a precipitation of 723 mm. In the analyzed years of 2016 and 2017, the average air temperature during the growing season did not differ signifi cantly from the average temperature from many years (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) .
In the 2007-2017, during the growing season, the temperature was 16°C (Table 1 ). The year 2016 was by 0.5°C warmer, and 2017 by 0.9°C cooler than the average temperature from multiyear in the growing season (Fig. 4) . The average precipitation in the period from April to September for the analyzed multi-year was 365 mm. In 2016, the precipitation was 29 mm lower, and in 2017 was 28 mm higher than the average for multi-year in the growing season (Fig. 5) . The 2017 year is classifi ed as wet with rainfall 77 mm higher than the average from multi-year. In the same year, during the fl owering period of apple trees, there were frosts, which was the reason for the lower real yield in relation to the forecasted yield.
The analysis of the yield of selected apple varieties was carried out in the fi rst year of fruiting trees, without the use of irrigation. The study was conducted on varieties: Galaval, Buckeye Gala, Golden Parsi, Grany Chelenger and Fuji Heysi.
The obtained data show that all varieties of apple trees yielded at a similar level (Fig. 6) . The Golden Parsi variety constituted 24% of the harvest, and the 17% share of the harvest was Gala Bouckeye variety.
The average apple yield in meteorological conditions of 2017 for the orchard located near Września was about 15 t·ha -1 . The yield of 17.5 t·ha -1 , higher than average, gave Golden Parsi variety. The lowest yield equal to 12.5 t·ha -1 gave Gala Bouckeye variety (Table 2) . Also, the average weight of fruit harvested from one tree was at a similar level (Fig. 7) . The largest fruit weight recorded for one tree was 7.0 kg and it was Golden Parsi variety. Whereas Gala Bouckeye variety gave the smallest weight of fruit from one tree in the amount of 5.0 kg. The remaining varieties yielded at a similar level, respectively 6.7 kg -Grany Chelenger; 5.5 kg -Fuji Heysi; 5.3 kg Galaval. CONCLUSIONS 1. In the fi rst year of cultivation, it was important to use a fertilizer rich of phosphorus for better tree rooting. However, in the following years, the use of a fertilizer with a higher potassium content necessary for proper fruit growth, and in particular their level dyeing and fi rmness. The treatment of cutting trees, forming them in the shape of a cone, allows for better sun exposure of fruits and, as a consequence, their level of dyeing. To increase the yield, it was necessary to shed the fruit in the year of planting the trees and fruit cut in the period of fruit-setting. 2. Modern design solutions of the orchard allowed to obtain an average apple yield of 15 t·ha -1 in the fi rst year of fruiting. 3. The highest yield, amounting to 17.5 t·ha -1 , was recorded for the Golden Parsi variety. In contrast, the worst yielded Gala Bouckeye variety with the yield equal to 12.5 t·ha -1 . 
